Pre-inoculation with a suspension of 106conidia/ml of Exserohilum monoceras, a pathogen of Echinochloa species, within the 7 days prior to challenge inoculation with Pyricularia oryzae, reduced the number of rice blast lesions in the greenhouse, regardless of rice variety. In the field, a single foliar application of a conidial suspension of E. monoceras reduced lesions on leaves by more than 85% in the 2 to 6 weeks after application. Blast on non-inoculated leaves in these plots was also suppressed. The result suggests that inhibition of primary blast development by the application will reduce the chance of new infections to upper leaves, although E. monoceras did not induce systemic host resistance in the greenhouse test. Double, triple and quadruple applications with a week between applications, produced the same results. Transplanting E. oryzicola plants with disease caused by E. monoceras between rice hill rows in paddy fields, also suppressed blast, suggesting that conidia from lesions on diseased E. oryzicola plants may be dispersed to rice plants and suppress blast. Moreover, the effect of the application of E. monoceras on rice growth and yield was examined in a paddy field and compared with that of commonly used chemical fungicides. Single and double applications did not affect plant culm length, panicle length, panicle number, plant dry weight or grain yield, whereas triple applications reduced culm length, and the quadruple application reduced culm length, plant dry weight and grain yield. Provided that it is not applied more twice, E. monoceras is a promising biological agent for the control of rice blast with no adverse effects on rice growth and grain yield.
INTRODUCTION
and degenerated cells, respectively, and suppress the disease1,18). As necrotic spots caused by the hypersensitive reaction (HR) become more severe, rice plants become more resistant to a compatible race of P. oryzae6). Another method of suppression is the production of an antiblast substance-producing by Pseudomonas fluorescens9).
We found that Exserohilum monoceras induced fine spots similar to those observed in the HR on rice plants during a study of the biological control of a paddy weed, Echinochloa spp., using the fungus19,20). Accordingly, we investigated whether E. monoceras could control rice blast. In this paper, we report the reduction of the number of blast lesions after inoculation with E. monoceras in the greenhouse and paddy field. We also describe the effect of E. monoceras on rice growth and yield in the field. lesions, regardless of the cultivar, compared with the control without conidia ( Table 1) . As the conidial density of E. monoceras increased, blast lesions decreased. With time lags of 1, 2, 3 and 7 days before the challenge inoculation, the pre-inoculation of E. monoceras significantly reduced the number of lesions compared with the control (Table 2) . Suppression of blast lesions in field test The first blast lesion was found in the external application area on July 5. Single and multiple applications of a conidial suspension of E. monoceras significantly reduced the number of blast lesions compared with no treatment, by July 20, 27, August 4 and 17 ( Table 3 ). The number of blast lesions caused by the single and multiple applications, however, did not differ significantly ( Table  3 ). The percentage control was more than 90% between July 27 and August 17 regardless of the number of applications of E. monoceras. In E. monoceras application plots, blast on untreated leaves was suppressed, i.e., although conidia did not adhere to the 10th and 11th leaves in the single application, the number of lesions was significantly reduced to 8.0% and 11.5%, respectively, compared with the untreated control ( Table 4) . The 11th and 12th leaves in the double application and the 12th leaves in the triple application gave the same result (Table 4) . Transplanting the E. monoceras-affected E. oryzicola and quadruple applications of incompatible race 001 of P. oryzae as a positive control, also significantly reduced blast lesions at comparable rates (about 70% control) by August 4 and 17 (Table 3 ). Chemical fungicides gave about 80% control. This comparatively low activity was probably due to a delay in application because of rain. In the untreated plants, blast lesions reached a maximum on July 20 and then reduced gradually (Table 3) , because lower rice leaves were withering and dying.
MATERIALS AND METHODS

Fungal
Influence of E. monoceras on rice growth and yield in field There were no significant differences in culm length, panicle length, the number of panicles/hill, air-dried plant mass, whole paddy, winnowed paddy, hulled rice and hulled rice over 1.8mm in length between the single and double applications of a conidial suspension of E. monoceras and the application of chemical fungicides as a control (Table 5 ). However, the triple application significantly reduced culm length to 97.2% of that in the control. Four applications also significantly reduced culm length to 92.8%, as well as dried plant to 86.1%, whole paddy to 83.3%, winnowed paddy to 84.4%, hulled rice to 84.8% and hulled rice over 1.8mm in length to 83.7% of the control (Table 5) . Four applications of a conidial suspension of P. oryzae of race 001, however, did not significantly reduce any factor of plant growth or yield (Table 5) .
DISCUSSION
Biological control of plant disease using a weed pathogen is beneficial because the pathogen is not likely to damage useful plants while controlling the target weed. We demonstrated that E. monoceras, a mycoherbicidal agent for paddy weeds of Echinochloa spp. 19, 20) , could also suppress formation of rice leaf blast lesions on rice leaves in the greenhouse and paddy fields. In addition, we proved that one or two applications of E. monoceras did not affect rice growth and yield.
In the greenhouse, 106conidia/ml was required to reduce the number of blast lesions (Table 1) . Moreover, blast lesions were suppressed after pre-inoculation with E. monoceras within the 7 days before the challenge inoculation with P. oryzae (Table 2 ). However, suppression of blast was restricted to leaves that had been inoculated with E. monoceras (data not shown), similar to the case with an incompatible race of P. oryzae11). These results suggest that all new leaves may need to be sprayed with a conidial suspension of E. monoceras to control the disease. As a new leaf finishes developing in approximately a week, we estimated that the conidial suspension would need to be applied to new leaves every week in the paddy field trial after the first lesion appearance. However, only one application was required to suppress the disease by August 17 (6 weeks after application) (Table 3) . Moreover, on leaves above those treated with E. monoceras, lesions were also reduced (Table 4) . These results showed that inhibition of primary blast development by the first application will reduce new infections on the upper leaves. Without any pre-in- oculation, blast lesions declined gradually after the highest blast development on July 20 (Table 3) , because secondary infections of the upper leaf seemed to be low, and the lower diseased leaves had died. Hence, when the incidence of blast is low, one application may lead to a long period of effectiveness. Further investigation is needed to examine the suppression of blast when disease incidence is high. Transplanting E. oryzicola plants diseased by E. monoceras suppressed blast. In the same way, transplanting rice plants with disease caused by a compatible race of P. oryzae can protect other rice plant cultivars against their own compatible races of P. oryzae, if the conidia produced on the transplanted rice are incompatible with the cultivars needing protection10,11). The result suggests that conidia of E. monoceras which form on diseased plants, are dispersed to rice plants and protect them against the blast. The method, however, was the least effective (Table 3) , so it has potential but may not be practical.
As the b-type spots (brown spots) caused by P. oryzae race 001 were fewer than those caused by E. monoceras in the field test, the application of P. oryzae race 001 may give lower control than that of E, monoceras (Table 3) . With incompatible races of P. oryzae, suppression increases according to the type of spots shown, from the weakest, the HR type (cell death but no visible symptoms), through the b type to the strongest, the bg type (small eyespots with brown margins)6). Moreover, this is also the case with rice plant pathogens such as Helminthosporium oryzae, Alternaria sp. and Curvularia sp.: if their virulence is high, strong suppression is shown7). The spots caused by E. monoceras seem to be related to suppression of the blast. In fact, E. monoceras causes the same type of spots (Fig. 1) as the b-type spots caused by the incompatible race of P. oryzae. The fungus may suppress blast by inducing host resistance which is accompanied by spots resulting from degenerated cells as in the reaction to an incompatible race of P. oryzae or the non-pathogenic P. grisea1,18).
Evaluating the effect of a phytopathogen on rice is essential when trying to control rice blast with the pathogen in paddy fields. E. monoceras did not reduce rice growth and grain yield after single or double applications, whereas triple applications reduced culm length and quadruple applications reduced culm length, plant mass and yield factors (Table 5 ). Excessive spots caused by E. monoceras are thought to affect plant activity and rice yield. The results indicate that E. monoceras can be applied twice to paddy fields without adverse affects to the rice plants. Moreover, unlike incompatible races of P. oryzae11,17), E. monoceras will not mutate into compatible races nor infect compatible varieties of rice in neighboring fields. However, we must further investigate the effects of environmental factors, such as temperature, dew duration and rainfall, on plant growth and yield and suppression of the disease after application of the fungus, before practical use of the agent.
